We have analyzed by radiocarbon 27 consecutive single rings, starting from AD 1952, of a preliminarily crossdated section (DFR 021) of Pinus radiata, which grew in Armidale, northern New South Wales, Australia. The bomb 14 C results suggested the possibility of 2 false rings, and, consequently, 2 misidentified rings in the preliminary count for this section. This possibility was supported by a better ring-width correlation between the revised DFR 021 count and other Pinus radiata chronologies in the study region. This indicated that bomb 14 C is a useful tool to complement the standard techniques of dendrochronology in tree species where annual rings are not always clearly defined.
INTRODUCTION
Hundreds of nuclear weapons were detonated in the atmosphere between 1945 and 1980. The radiocarbon produced around the nuclear fire ball was directly injected into the atmosphere. As a result, the concentration of 14 C in the atmosphere increased dramatically in the late 1950s and early 1960s. The atmospheric 14 C level reached a maximum in the Northern Hemisphere in [1963] [1964] , almost double its pre-bomb level. Since then, the 14 C concentration in the atmosphere has been decreasing due to rapid exchange between the atmosphere and other carbon reservoirs (mainly the oceans and biosphere), and the absence of major atmospheric nuclear explosions. Bomb 14 C was recognized as a useful tracer for the study of atmospheric circulation (Nydal and Lövseth 1983; Levin et al. 1985; Manning et al. 1990 ), air-sea exchange of CO 2 (Nydal 1968; Druffel and Suess 1983) , and the global carbon cycle (Oeschger et al. 1975; Broecker et al. 1980; Levin and Hesshaimer 2000) . To contribute to the global effort, we have recently published the first long records of 14 C in tree rings from the northern tropics (Thailand, 19°N) and the southern temperate region (Tasmania, Australia, 42°S) for the bomb pulse period . Here we present the results of new measurements on a series of annual tree rings from Armidale, Australia (30°S). This is the first time that a site in inland Australia has been used to examine the rise in atmospheric 14 C due to atmospheric nuclear explosions. The accelerator mass spectrometry (AMS) 14 C results were used to correct the preliminary ring boundary assignments in this cross-section, made first by using the standard techniques of dendrochronology. We then discuss the features of bomb 14 C in the Southern Hemisphere and their implications for atmospheric transport. Finally, we esti-mate the air-sea exchange of CO 2 for southern Pacific mid-latitudes, based on our measured 14 C data from Armidale tree rings and those from Great Barrier Reef corals for the bomb period reported by Druffel and Griffin (1995) .
SAMPLE DESCRIPTION
An introduced species of pine in Australia, Pinus radiata, was used for this study. The tree was on the New England Tableland of northern New South Wales, Australia (30°S, 152°E). This mediumsized tree, catalog nr DFR 021, grew near a fence along a quiet countryside road from Armidale to Dangar Falls. The sampling site is at moderate altitude, about 1000 m above sea level and about 5 km east-southeast of Armidale. The tree was a sapling in 1922 and was felled in mid-winter (July) 1998, when the 1997 ring was complete but the 1998 ring had not yet begun to form. We chose DFR 021 over sections from neighboring trees because the rings were wider and easier to sample for 14 C analysis. The cross-section used for 14 C analysis is shown in Figure 1 . The heartwood-sapwood transition for DFR 021 is around rings [1962] [1963] [1964] [1965] [1966] . Note that organic materials (e.g., lignin, waxes) in the outermost sapwood rings may be added to heartwood at the time of conversion from sapwood to heartwood (Cain and Suess 1976) , but should be removed by pretreatment to pure cellulose (Hua et al. 1999 and references therein) . This pretreatment was employed for this study (see below), so that the 14 C measurements are unaffected. The outer rings, where samples were taken for 14 C measurement, are typically 2-3 mm wide, necessitating the use of AMS for 14 C analysis. During the summer growing season of Armidale Pinus radiata, the air mass movement is predominantly from the northeast/southeast sector (Linacre and Geerts 1997) . 
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AMS 14 C ANALYSIS AND THE DENDROCHRONOLOGY OF PINUS RADIATA
The ring pattern of Pinus radiata is clear and well-defined for the inner part of the DFR 021 section, where the rings are wide. For this part of the section, a typical ring width is 5-10 mm. As the tree became older and the outer rings became narrower, the ring pattern was less clear, with many doubtful ring boundaries. There are many bands of small dark cells, which are similar to ring boundaries, across the section. This made it difficult to date the DFR 021 section using the standard techniques of dendrochronology because these uncertain ring boundaries might result in false (or intra-annual) rings being counted in one part of the section and true rings not being counted in other parts of the section or vice versa. The cross-dating of DFR 021 against other Pinus radiata trees in the region was carried out at the NWG Macintosh Centre for Quaternary Dating of the University of Sydney and a preliminary ring count (pc) for DFR 021 was achieved.
Fortunately, the narrow rings in the section, where the potential problems occur, are in the bomb pulse period. There are 2 unique features of bomb 14 C, which can be used to examine the preliminary chronology of DFR 021. The first one is that atmospheric 14 C contents are similar for similar latitudes in the Southern Hemisphere. We employed atmospheric 14 C records for Pretoria 26°S (South Africa, Vogel and Marais 1971) and Wellington 41°S (New Zealand, Manning and Melhuish 1994) as a norm for the 14 C level for Armidale. The second feature is the significant difference in 14 C levels between consecutive annual tree rings during the bomb period, especially for the period of rising atmospheric 14 C and a decade after the major bomb peak (1955-1965 and 1966 to the late 1970s). These features are very effective for detecting misidentified rings. Vogel and Marais (1971) and Manning and Melhuish (1994) , respectively. Triangles depict ∆ 14 C values for tree rings. ∆ 14 C values for Armidale Pinus radiata are shown for the preliminary ring counts (pc) and revised chronology (RC). ∆ 14 C (‰) 1950 1955 1960 1965 1970 1975 1980 Twenty-four consecutive single tree ring samples, starting from AD 1952, were prepared for AMS 14 C analysis using the protocols set up by Hua et al. (1999) . Our sampling strategy was to avoid the ring boundary areas due to very different levels of 14 C between consecutive rings. The woody material of each ring, well clear from ring boundaries, was selected for 14 C analysis. The samples were pretreated to alpha-cellulose using the method of Hua et al. (2000) . The pretreated material was converted to graphite using methods described in Hua et al. (2001) . The AMS 14 C measurements were performed using the ANTARES facility at ANSTO Fink et al. 2003) , with a precision of 0.35-0.45%.
Year (AD)
The AMS 14 C results for DFR 021 were reported in ∆ 14 C values, after corrections for isotopic fractionation using δ 13 C and radioactive decay of both sample and standard (Hua et al. 1999 , and the ∆ term of Stuiver and Polach 1977) . The results are presented in Table 1 and illustrated in Figure 2 . The ∆ 14 C values for tree rings are plotted as points in the middle of the presumed growing period of December-January. For ease of comparison, the atmospheric 14 C records from the Southern Hemisphere temperate regions, namely Pretoria 26°S (South Africa) and Wellington 41°S (New Zealand), are also shown in Figure 2 . To test this hypothesis, we shifted results one year back for rings 1968-1975 (pc) and plotted their ∆ 14 C values in Figure 2 . A very good agreement with the atmospheric data sets was then found, indicating that the hypothesis was correct. We therefore adopted a revised ring count, with the (new) 1967 ring consisting of the 2 rings, 1967 and 1968 of the preliminary count ( Figure 3 ). We then noted the similarity between rings 1967-1968 (pc) and rings 1977-1978 (pc) (see Figure 3) , and inferred that the 1977 (pc) ring boundary may also be a false one. To confirm this, the 3 single rings, 1976-1978 (pc) , were prepared and measured by AMS. The 14 C results from these rings, which are also presented in Table 1 , showed that the ∆ 14 C value for ring 1977 (pc) was similar to that for ring 1978 (pc). These results confirmed that the 1977 (pc) ring boundary was also a false one.
14 C contents for rings 1952-1976 of the revised count (rc), equivalent to rings 1952-1978 (pc) , agreed well with the atmospheric records for Pretoria and Wellington. This therefore meant that 2 later true rings were not counted, somewhere between rings 1979 and 1997 (pc). Using the standard techniques of dendrochronology, and the fact that ring 1982 in other trees from this site was a very narrow ring influenced by a strong El Niño event (low rainfall from November 1982 to January 1983 for the Armidale region, data files provided by Bureau of Meteorology 1999), we inferred that the correct ring boundaries were those shown in the revised count ( Figure 3 ). Unfortunately, we could not use additional 14 C measurements to confirm the revised count because the 14 C levels between consecutive rings in this period are not so different (the atmospheric 14 C bomb curves for the Southern Hemisphere from 1980 onwards decreases less steeply; Vogel and Marais 1971; Manning and Melhuish 1994) . However, after the identification of 2 false ring boundaries in 1967 and 1976 (rc), and new ring boundaries for 1982 and 1991 (rc), the revised count was supported by statistical correlation, with a significant improvement in ring-width correlation between DFR 021 and other Pinus radiata trees in the region for rings 1947 outwards (Table 2 ). This gave us confidence in the revised chronology (RC). 
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IMPLICATIONS FOR ATMOSPHERIC TRANSPORT
Measured ∆ 14 C values for Armidale Pinus radiata (RC only) are shown in Figure 4 , together with previously published ∆ 14 C data for tree rings at different latitudes from the Northern and Southern Hemisphere. They are, respectively, the data for Hungary (48°N, 1951 -1978 , Hertelendi and Csongor 1982 , Germany (49°N, 1966 -1982 , Levin et al. 1985 , Japan (38°N, 1960 -1969 , Muraki et al. 1998 ), Thailand (19°N, 1952 -1975 , and Tasmania (Australia, 42°S, 1952 -1975 . These data are plotted in the middle of the growing period: June-July for the Northern Hemisphere and December-January for the Southern Hemisphere.
The difference between Armidale (30°S) and Tasmania (42°S) was generally small or negligible (Figure 4) . The weighted average of the difference of the 2 data sets for the period influenced by atmospheric nuclear detonations (rings 1954-1975) was 0.3 ± 2.9‰ (Armidale is higher). The magnitude of this difference is similar to the mean monthly difference of 0.5 ± 1.1‰ between Pretoria (26°S) and Wellington (41°S) for the period of 1957 -1993 (Hua and Barbetti 2003 . This indicated a small latitudinal gradient in terms of ∆ 14 C for the Southern Hemisphere. The reason for the low latitudinal gradient in the Southern Hemisphere is that the sources of bomb 14 C, which are mainly in the Northern Hemisphere, are far from the south (Manning et al. 1990) , and once the 14 C excess is transported over the broad Inter-Tropical Convergence Zone (ITCZ), atmospheric 14 C diffuses rapidly with fast mixing in the Southern Hemisphere and does not allow for a large gradient there (Hua et al. 1999 ). This feature of bomb 14 C in the Southern Hemisphere is in contrast to that for the Northern Hemisphere, where there is a large latitudinal gradient of ∆ 14 C-note the significant difference between ∆ 14 C values for Hungary (48°N) and those for Japan (38°N) at least for the bomb peak period (Figure 4 ). Although the average difference between Armidale and Tasmania was negligible, small offsets between the 2 data sets were observed during the rise and fall of bomb 14 C. Note that the excess 14 C produced by bomb tests was mostly injected into the stratosphere, then returned to the troposphere through the mid-to high-latitude tropopause gap in both hemispheres during the spring and summer time of each hemisphere. Because the main sources of bomb 14 C were in the Northern Hemisphere, the southern troposphere received excess 14 C from the northern troposphere and the northern stratosphere through the southern stratosphere. Excess 14 C from the northern troposphere reached Armidale (30°S) before it reached Tasmania (42°S), meanwhile Tasmania was more sensitive to the injection from the southern stratosphere (compared to Armidale) because Tasmania is located further south and is close to the injection areas (mid-to high-latitudes) in the Southern Hemisphere. 1 Due to a very similar growing season between Armidale Pinus radiata and Tasmanian Huon pine (approximately from November to February), the variation of the small offsets between Armidale and Tasmania during the bomb period might indicate some indications about relative contributions of the 2 excess 14 C sources to the southern troposphere. 1 The seasonal structure for the Wellington record (41°S, New Zealand), which is close to Tasmania in latitude, was well determined with a maximum in March and a minimum in August (until 1980; Manning et al. 1990 ). This seasonality reflected the injection of excess 14 C from the southern stratosphere into the southern troposphere. Meanwhile, the seasonal structure for the South Pacific sites including Funafuti 9°S (Tuvalu) and Suva 18°S (Fiji), which is close to Armidale in latitude, were not well determined (Manning et al. 1990) . It is likely that these sites received more excess 14 C from the Northern Hemisphere, which became diffused when transferred to the Southern Hemisphere across the broad ITCZ. As a result, atmospheric 14 C over these sites lost the Northern Hemisphere seasonal pattern: maximum in July-August and minimum in January-March (Meijer et al. 1995) , which mainly reflected the seasonality of the injection of excess 14 C from the northern stratosphere to the northern troposphere. (Figure 4 ). These changes suggest variations in the amount of excess 14 C transferred from the northern troposphere to the southern troposphere. There was a plateau in ∆ 14 C in the northern troposphere during 1956, followed by a small increase during 1957. There was effectively no increase in the amount of 14 C transferred to the Southern Hemisphere during 1957 because there is a time lag for the transfer of excess 14 C between the 2 hemispheres of the troposphere. Meanwhile, ∆ 14 C values of the southern stratosphere increased slightly during 1957 ( Figure 5) . A similar situation was noted for 1961, when there was no increase in the amount of 14 C transferred from the Northern Hemisphere to the Southern Hemisphere (see Figure 4) , and a slight increase of 14 C in the southern stratosphere (see Figure 5 ). These slight changes in the relative contributions of the 2 excess 14 C sources to the southern troposphere might explain the negative Armidale-Tasmania offsets at the ends of 1957 and 1961 (and perhaps also 1954, for which there are no data on stratospheric 14 C; see Figure 5 Hertelendi and Csongor (1982) for Hungary, Levin et al. (1985) for Germany, Muraki et al. (1998) for Japan, and Hua et al. (2000) for Thailand and Tasmania. Measured ∆ 14 C values for Armidale Pinus radiata are shown for the revised chronology (RC) only. Error bars are too small to be shown. Bars represent effective yield of atmospheric nuclear detonations for 3-month periods (for 1945 (for -1976 (for , Enting 1982 for 1977 for , Yang et al. 2000 . 1950 1955 1960 1965 1970 1975 1980 Year ( In contrast, during the steepest rise of bomb 14 C, ∆ 14 C values for Armidale were slightly higher than those for Tasmania (at the ends of 1963, 1964, 1968, and 1969) . It was clear that this steep rise of 14 C was due to high-yield nuclear weapon tests in [1961] [1962] (Figure 4) . These detonations injected a large amount of artificial 14 C into the upper and high stratosphere in the Northern Hemisphere. As a result, the major transport of excess 14 C was from the northern stratosphere to the northern troposphere then to the southern troposphere. During this period of time, the concentration of excess 14 C in the northern stratosphere was much higher than that in the southern stratosphere (Figure 5 ), so the amount of excess 14 C injected into the southern troposphere from the southern stratosphere would be smaller than that from the northern troposphere. This would explain why there were positive Armidale-Tasmania offsets for the steep rise of bomb 14 C (at the ends of 1963 and 1964) . Bomb 14 C reached a maximum at the end of 1965, then decreased. There were no differences between Armidale and Tasmania at the ends of 1965, 1966, and 1967 . However, there were positive Armidale-Tasmania offsets at the ends of 1968 and 1969. This might be due to some sporadic nuclear bomb tests in the Northern Hemisphere in 1967 Hemisphere in , 1968 Hemisphere in , and 1969 In the decay of bomb 14 C, there were some disturbances ( Figure 6 ). A small peak in tree ring ∆ 14 C was found in German pine in the middle of 1970. Levin et al. (1985) suggested that a nearby nuclear power plant caused this effect (see Table 6 of Levin et al. 1985) . This ∆ 14 C peak was also found in Hungarian tree rings in the middle of 1970 and in Thai tree rings in the middle of 1971 as the transport time of bomb 14 C from northern temperate region to the tropics is ~1 yr . These disturbances were also observed around 1970 in the atmospheric records for Fruholmen, Norway, at 71°N (Nydal and Lövseth 1983) . These features indicate that the effect was not local or regional, but global, and that it was caused by sporadic atmospheric nuclear tests after 1963 performed by China in the Northern Hemisphere and France in the South Pacific (Enting 1982) . A small bomb peak is expected to be found in the Southern Hemisphere temperate region at the end of 1971 as the transport time of bomb 14 C from the tropics to the southern temperate region is ~0.5 yr . However, as mentioned above, the 14 C excess becomes diffused when it is transported over the broad ITCZ; no small bomb peak was found in either the Armidale or the Tasmanian series at the end of 1971.
There were small upward fluctuations in Tasmanian Huon pine at the ends of 1970 and 1972 and the ∆ 14 C value for Tasmania was slightly higher than that for Armidale at the end of 1972. These fluctuations might be due to atmospheric nuclear tests in the South Pacific in 1968 and 1970 ). However, there were no significant fluctuations for Armidale Pinus radiata (except perhaps for a small upward fluctuation less pronounced than that for Tasmania at the end of 1970). As mentioned above, Tasmania is more sensitive to the injection from the southern stratosphere and, therefore, to atmospheric nuclear bomb tests in the Southern Hemisphere. As a consequence, Tasmania became equal to Armidale at the ends 1970 and 1971 (Tasmania was lower than Armidale at the end of 1969, as mentioned previously), and was slightly higher than Armidale at the end of 1972. This would also explain why no pronounced fluctuations in atmospheric 14 C between 1970-1976 were found in Armidale tree rings.
Most of the Armidale-Tasmania offsets discussed above (negative at the ends of 1954, 1957, 1961 and 1972; positive at the ends of 1964, 1968, and 1969) were small, as the 2 data sets did not overlap within 1 σ error but did overlap within 2 σ error. Only one significant offset, where the 2 data sets did not overlap within 2 σ error, was found at the end of 1963. This significant difference between Armidale and Tasmania might be due to large amount of excess 14 C transferred from the Northern to Southern Hemisphere during the steep rise of bomb 14 C at the end of 1963. 1968 1970 1972 1974 1976 1978 1980 1982 Year ( Although there were some small disturbances between 1970-1972, bomb 14 C reached a global equilibrium at the end of 1968 (Telegadas 1971 ) and decreased exponentially, halving every 16 yr (Figure 6 ). This estimate is very similar to those of previous work: 17 yr from Manning et al. (1990) and Dai et al. (1992) , 18 yr (inversion of a decay constant of 0.055 yr -1 ) from Nydal and Gislefoss (1996) , and 16 yr from Levin and Kromer (1997) and Park et al. (2002) .
AIR-SEA EXCHANGE OF CO 2 FOR SOUTHERN PACIFIC MID-LATITUDES
Measured ∆ 14 C values for Armidale tree rings and those for corals from the Great Barrier Reef are shown in Figure 7 . The coral ∆ 14 C were the average values of 3 different sites: Heron Island (23°S, 152°E), Abraham Reef (22°S, 153°E), and Lady Musgrave Island (24°S, 153°E) (Druffel and Griffin 1995) . Atmospheric (Druffel and Griffin 1995) . Error bars are too small to be shown. 1950 1955 1960 1965 1970 1975 1980 1985 Year ( We have used a 1D box model to estimate the time for air-sea exchange of CO 2 for the mid-southern Pacific, with the assumption that only vertical transport in the oceans was responsible for the transfer of bomb 14 C from the atmosphere to the oceans. The model consisted of a box diffusion ocean from Oeschger et al. (1975) , including a homogenous surface-mixed layer of 75 m, and deep sea water divided into 36 boxes of 25 m and 5 boxes of 560 m. The transfer of 14 CO 2 between the surfacemixed layer and deep sea water was parameterized by a constant vertical eddy diffusivity K. The transfer of bomb 14 C from the atmosphere to the surface-mixed layer was parameterized by a constant exchange coefficient k am , which is inversely proportional to the time for the air-sea exchange τ am . If the time history of atmospheric 14 C (the source of bomb 14 C for the oceans) and the constant eddy K are known, one can estimate the air-sea exchange coefficient k am for a particular region using the above model.
The source function of bomb 14 C in the atmosphere was our measured ∆ 14 C data from Armidale tree rings . Because atmospheric CO 2 content was not constant but increased significantly (Etheridge et al. 1998 ) during the period of our study (the bomb pulse period), we had to include the 12 C species in our modelling. The source function of atmospheric CO 2 was the measured CO 2 data from Law Dome DE08 and DE08-2 ice cores from Antarctica (AD 1832 -1977 , Etheridge et al. 1998 ). The eddy diffusivity K for the ocean close to the Great Barrier Reef corals (22-24°S, 152-153°E) was determined from GEOSECS Tritium data of Pacific stations 269 (23°57′S, 174°31′W) and 310 (26°57′S, 157°9′W) (see Figure 8 for locations of Armidale tree rings, corals from the Great Barrier Reef, and the 2 GEOSECS Pacific stations). The mean depth of tritium penetration in 1973 for the 2 stations was 360 m (370 m for station 269 and 350 m for station 310, Broecker et al. 1980) , which was equivalent to an eddy diffusivity K of 4890 m -2 y -1 (Broecker et al. 1980 ). The average pre-bomb ∆ 14 C value of Great Barrier Reef corals was about -50‰ (-49.6 ± 3.6‰ for Abraham Reef for 1800 -1957 , Druffel and Griffin 1993 -49 .8 ± 3.8‰ for Heron Island for 1849 -1955 , Druffel and Griffin 1999 . The model was run from 1832 to 1977 and the initial ∆ 14 C value of the surface-mixed layer was chosen so that the average pre-bomb ∆ 14 C value of the surface waters for 1832-1955 calculated from the model was in agreement with that of the Great Barrier Reef corals of -50‰.
The model was then run with different values of k am . The best k am was determined when there was the best fit to the measured ∆ 14 C for the mixed layer (∆ 14 C values from the Great Barrier Reef corals for 1953 -1977 , Druffel and Griffin 1995 and the measured ∆ 14 C for the deep ocean close to the Great Barrier Reef (∆ 14 C values of deep ocean for stations 269 and 310 in 1974, Östlund and . The air-sea exchange coefficient k am for mid-southern Pacific estimated by the model was 1/ 7.5 yr -1 , which was equivalent to a τ am of 7.5 yr. Figures 9 and 10 show ∆ 14 C values calculated by the model versus experimental ∆ 14 C data for the surface-mixed layer and deep ocean for the best estimated value of k am of 1/7.5 yr -1 , respectively. A good agreement between measured ∆ 14 C data for surface ocean derived from corals and those calculated from the model was found (Figure 9 ). However, for the deep ocean the agreement between experimental 14 C data and those determined from the model were not very good for the depth between 100-600 m (Figure 10 ). This suggested that using only vertical transport (diffusion) in the oceans does not properly explain the transfer of bomb 14 C to the deep sea for the mid-southern Pacific Ocean.
The corresponding flux of CO 2 (k am of 1/7.5 yr -1 ) from the atmosphere to the surface ocean for midsouthern Pacific for the 1970s (CO 2 mixing ratio of 330 ppm, Etheridge et al. 1998 ) was 21.5 moles m -2 y -1 . Our estimated value is in agreement with the estimate of 22 moles m -2 y -1 for the CO 2 invasion rate for the south temperate region of the Pacific by Broecker et al. (1985) . Quay and Stuiver (1980) Stuiver et al. (1981) estimated the average air-sea exchange rate of 26.5 moles m -2 y -1 for the south Pacific from 10°S to 50°S. Our estimate is slightly lower than those from Quay and Stuiver (1980) and Stuiver et al. (1981) . The difference between the 3 estimates might be due to the difference in study areas: 23-27°S, 152°E-158°W (this study); 23-43°S, 128-146°W (Quay and Stuiver 1980) ; south Pacific between 10-50°S (Stuiver et al. 1981) .
CONCLUSION
This is the first time that a site in inland Australia has been used to examine the rise in atmospheric 14 C due to atmospheric nuclear detonations in the late 1950s and early 1960s. Our AMS 14 C results for single tree rings from Armidale 30°S (Australia, rings 1952 (Australia, rings -1976 revealed some interesting features of Southern Hemisphere bomb 14 C and their implications for global atmospheric circulation. On average, the difference between Armidale and Tasmania in terms of 14 C was negligible, implying a small latitudinal gradient for the Southern Hemisphere. This situation contrasts with that of the Northern Hemisphere, where there was a large latitudinal gradient of 14 C during the bomb peak. However, small offset variations between Armidale and Tasmania were observed. This might suggest some indications about relative contributions of the 2 excess 14 C sources (the northern troposphere and southern stratosphere) to the southern troposphere. Together with previously published 14 C data from tree rings, 14 C in Armidale Pinus radiata decreased exponentially, halving every 16 yr. (Broecker et al. 1985) ; therefore, only oceanic 14 C data from depths less than 1000 m were used for comparison. Model By using our measured 14 C from Armidale Pinus radiata together with previously published 14 C data from Great Barrier Reef corals (Druffel and Griffin 1995) and from 2 GEOSECS southwest Pacific stations (269 and 310, Östlund and Stuiver 1980), we estimated the time for air-sea exchange of CO 2 of ~7.5 yr for the mid-southern Pacific, which was equivalent to a CO 2 flux from the atmosphere to the surface ocean of 21.5 moles m -2 y -1 for the 1970s. The results also showed that bomb 14 C is a very useful tool to complement the standard techniques of dendrochronology in detecting misidentified rings when tree rings are analyzed by 14 C in a way similar to our experiment-a series of consecutive annual rings during the bomb pulse period.
